Abstract. We present evidence of associated vector boson + prompt J/ψ production and measure its production rate. This is a key observable to the understanding of quarkonium production mechanisms. We estimate the relative contributions to the signal from single and double parton scattering and discuss possible implications of this novel final state for study of multiple parton interactions. Single parton scattering cross-sections are compared to cutting-edge theoretical calculations in the colour singlet and colour octet formalisms.
Introduction
The contribution of colour singlet (CS) and colour octet (CO) processes to the production of inclusive J/ψ is still not clear [1, 2] . The production of the W ± boson in association with a J/ψ filters out different initial states, compared to inclusive J/ψ production, making this process a good test bench for the CS and CO models. In addition, the associated production of W ± + J/ψ includes two processes; single parton scattering (SPS) and double parton scattering (DPS), where the W ± and the J/ψ are produced from the same or two different pairs of partons, respectively.
In these proceedings we present the first measurement of the associated production of W ± + prompt J/ψ in the W ± (→ μ ± ν μ ) + J/ψ(→ μ + μ − ) channel [3] using data collected with the ATLAS experiment [4] during the 2011 proton-proton run of the Large Hadron Collider (LHC) [5] at centre of mass energy of 7 GeV.
The ATLAS detector
ATLAS detector is a multi-purpose detector 1 at the LHC. During 2011 ATLAS recorded 5.1fb of data (of which 4.5fb −1 are used in this analysis) from pp collisions at √ s = 7 TeV. The inner a e-mail: Stefanos.Leontsinis@cern.ch 1 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector and the z-axis along the beam pipe. The x-axis points from the IP to the centre of the LHC ring, and the y-axis points upward. Cylindrical coordinates (r, φ ) are used in the transverse plane, φ being the azimuthal angle around the beam pipe. The pseudorapidity is defined in terms of the polar angle θ as η = − ln tan(θ /2). The distance ΔR in η − φ space is defined as ΔR = Δη 2 + Δφ 2 . detector (ID) of ATLAS, surrounded by a superconducting solenoid that produces 2 T magnetic field, provides tracking information on charged particles for |η| < 2.5. The muon spectrometer (MS) covers up to |η| = 2.7 and, in combination with the ID, it can reconstruct muons with p T ≥ 2.5 GeV with resolution σ (p T )/p T better than 3% (in the momentum range used in this analysis). Muon detectors are also used to trigger on high transverse momentum muons.
Event selection
The J/ψ is reconstructed requiring muons to have p T > 3.5 (2.5) GeV for |η| < 1.3 (> 1.3), both to lie within the angular acceptance of both the ID and MS (|η| < 2.5), to originate at a common point and at least one of them to have p T > 4 GeV. The invariant mass of the dimuon system must be within 2.5 < m μ + μ − < 3. For separating signal J/ψ events from combinatorial background events and prompt J/ψ to non prompt, a 2D maximum likelihood fit is performed in mass (Figure 1b) and pseudo-proper time (Figure 1c) . We find 29.2 +7.5 −6.5 W ± + prompt J/ψ events with a statistical significance of 5.1σ . Some of these events may be produced in different proton-proton collisions in the same bunch crossing (pileup). These are estimated to be 1.8 ± 0.2. The extracted prompt J/ψ yield is used to produce per event weights [7] . Applying these weights to the dataset we get the m W T distribution for events that are associated with the prompt J/ψ. Fitting the weighted m W T distribution (Figure 2a ) with a multijet plus signal W ± template (Figure 2b ) the W ± signal hypothesis is strongly supported and an estimation of 0.1 ± 4.6 of multijet events is calculated. 
Double parton scattering
A part of the signal is when the W ± and the J/ψ occur from the scattering of two different pairs of partons in the same proton-proton collision. The probability that an extra J/ψ is produced additionally to the production of the W ± can be parameterised as P J/ψ |W ± = σ J/ψ /σ eff , with σ eff being the effective cross section parameter and is measured by ATLAS using W ± → lν + 2 jet events to be σ eff = 15 ± 3(stat.) +5 −3 mb [6] . ATLAS measurement [8] is used for computing the σ J/ψ , corrected for the fiducial phase space of this analysis. The estimation of the total number of DPS events is 10.8 ± 4.2.
These events are expected to be distributed uniformly along the azimuthal angle between the W ± and the J/ψ, assuming that the two interactions are independent. Figure 2c shows the Δφ (W, J/ψ) distribution weighted by the prompt J/ψ yield and revealing an indication of SPS component (peaking at π) and the DPS to be a large fraction of the total statistics.
Results
ATLAS collaboration observed for the first time the associated production of W ± + prompt J/ψ with a 5.1 σ significance and measured the cross-section ratio of W ± + J/ψ to inclusive W ± (Figure 3a) . The fiducial cross-section ratio of W ± + prompt J/ψ relative to inclusive W ± is measured to be R fid J/ψ = (51 ± 13(stat.) ± 4(syst.)) × 10 −8 . The acceptance-corrected observed ratio is R incl J/ψ = 126 ± 32(stat.) ± 9(syst.) The differential cross section ratio dR incl J/ψ /dp T as a function of the J/ψ transverse momentum is shown in Figure 3b . The DPS contribution is overlaid and the measurement suggests a large SPS contribution in the low p J/ψ T bin. Analysis of the data collected during 2012 could allow us to measure the relative fraction of SPS and DPS production. Also, the W ± + J/ψ channel can be used to study Higgs decays to charmonia and physics beyond the standard model [11] . 
